THE distinction of having first described an enzyme which is intimately concerned with calcification and the growth of bone must be accorded to Robison [8], of the Lister Institute, who in 1923 pointed out that the cause of deposition of calcium phosphate in growing bone and its non-deposition elsewhere had up to that date not been explained, although as long ago as 1908 Adler [1] had calculated that an aqueous solution containing the same amounts of inorganic salts as are found in serum would deposit a mixture of calcium phosphate and carbonate.
1904).
Robison's hypothesis may be stated briefly as follows:
The osteoblasts and hypertrophic cartilage cells secrete an active enzyme, a phosphatase, which by hydrolysing the phosphoric esters of the blood brings about a local increase in the concentration of the phosphate ions. The solubility product of tertiary calcium phosphate is thereby exceeded and deposition of this salt occurs in the ossifying zone. This enzyme is present in ossifying cartilage in considerable quantity, and to an equal extent in the teeth [9] . It is present in greatest amount in bone at the time when the deposition of bone is most active, and is absent from cartilage which does not calcify, e.g., the tracheal cartilage (Kay). Phosphatases are also found in the intestinal mucosa (Hunter [2]), and the kidney. The latter contains about 50% of the amount present in ossifying cartilage (Robison) .
The phosphatases in the intestinal mucosa probably play an important part in the hydrolysis of the phosphoric esters of the food, and those of the kidney in the excretion of inorganic phosphate (Hunter). Robison's hypothesis has received further confirmation from the result of his experiments on calcification in vitro [10].
He was able to demonstrate that a rachitic bone split lengthwise and immersed for a short time in a solution of calcium glycero-phosphate or calcium hexosemonophosphate, showed a deposition of calcium phosphate in the zones of preparatory calcification and of hypertrophic cartilage cells and in the periosteum (Robison and Soames).
Applying Robison's experimental work to clinical medicine, Kay [4] and others have shown that in certain generalized diseases of bone, the plasma phosphatase, an enzyme hsving all the properties of the bone enzyme and apparently identical with it, is markedly increased. The conditions which were first found to be associated with an increased plasma phosphatase were osteitis fibrosa, osteitis deformans, osteogenesis imperfecta, osteomalacia and rickets. In view of Kay's paper in the Biochemical Journal in November, 1930, it occurred to us that it would be instructive to take a series of children with rickets and trace the course of the phosphatase content of the plasma and its relation to the healing process. Later, the study was extended to other conditions of which scurvy gave the most interesting results.
Mlethod.--The short time at our disposal does not allow of a full description of the method used, and it must suffice to state that the one we adopted was that described by Kay [51, but we found it necessary to adapt it for use with small amounts of plasma. The enzyrne activity is expressed in terms of the number of milligrams of phosphorus liberated as inorganic phosphate from excess sodium 3-glyceTrophosphate in forty-eight hours at 370 C. by 1 c.c. of plasma at pH 7 4, corresponding to a pH of 7-6 at room temperature. plasma, the range varying between a minimum of 0 1 mgm. and 0 * 21 mgm. In young infants the figure is higher. We found that the average value for six infants whose ages ranged between 3 weeks and 10 months was 0 18 mgm., while that of fourteen children aged between 9 months and 2years was 0 * 24 mgm. The following notes have been chosen from those of a series examined as illustrating the reaction of plasma phosphatase in rickets and scurvy to treatment. The first two are cases of uncomplicated rickets, selected from a series of twelve cases examined.
(I) C. C., aged 5 months. (1) First skiagram January 26, 1931, showed marked decalcification of the bones with irregular saucer-shaped epiphyseal lines and fractures of tibia, fibula and ulna ( fig. 1 ). The blood at this time showed a very low calcium and phosphorus content, whereas the phosphatase was high (Ca 6 2, P 2 05, phosphatase 0 57).
(2) On March 17 there was good progress in healing, the fractures being scarcely visible in the skiagrams. The calcium and phosphorus were both almost normal and the phosphatase lower (0* 44). (II) P. C., aged 1 year and 4 months. (1) On February 18, 1931, there was epiphyseal cupping, expansion and rarefaction of the bones. The blood calcium and phosphorus were both lower than normal (8 4 mgm. and 384 mgm. respectively) and the phosphatase high, O* 41.
(2) On April 14 the bone showed rapid progress in healing and the blood changes were equally marked; both the calcium and phosphorus had returned to the normal and the phosphatase was decreasing.
(3) On May 5 skiagrams showed the healed rickets but the phosphatase was still slightly above normal. This tendency to remain slightly above normal after the X-rays had shown that the rickets was healed was noted in some other cases. Scurvy.-We have been able to examine five cases of uncomplicated scurvy. ln those cases in which only minor haemorrhages, e.g., spongy gums or petechial heemorrhages in the palate, were present, the diagnosis was made by the combination of clinical signs-such as tenderness of the limbs, anamia, and the history of a scorbutic diet-with the characteristic radiological appearances.
Two had massive subperiosteal hemorrhages, in one case bilateral, in the other unilateral. Four of these cases, when examined in the acute stage, were found to have an average phosphatase value definitely on the low side of normal. The sixth was examined in the subacute stage and the phosphatase was normal.
The two cases with subperiosteal hoemorrhage were extremely interesting from the blood chemistry point of view. Both cases showed a normal figure during the acute htmorrhagic stage with a sharp rise in the blood phosphatase when calcification set in.
(I) A. L., aged 11 months. (1) Admitted June 23, with a large subperiosteal hsemorrhage of the right femur. The radiological changes were typical of scurvy-Frankel's "white line" at the ends of the bones, the outlining of the epiphyses, the " streamers " at the ends of the femur and expansion of the costo-chondral junctions (fig. 3 ). The phosphatase at this stage was definitely low (0 -12).
(2) On July 15 a large calcifying mass was seen to be ensheathing the lower end of the femur and extending almost as far as the trochanter on the outer side (fig. 4 ). The phosphatase was rising.
(3) On August 17 the calcified swelling was much more sharply defined, the edges were less rough, and definite laminee were visible in the mass itself. The phosphatase had now risen to 0 * 47.
(4) On September 27 the mass was much smaller and the phosphatase showed a definite fall to 0* 27. (II) V. C., aged 9 months. This case showed a similar sequence of events.
(1) Admitted September 28, with typical acute scurvy, the skiagrams showing dark hoemorrhagic areas. The phosphatase was low, 0415.
(2) On October 16 there were large calcifying hmemorrhages surrounding both femora and extending along the outer side as far as the trochanter. The upper end of one tibia was also involved. The phosphatase had now risen sharply to 0 52.
(3) On October 26 the swellings were more sharply defined and there was a corresponding fall in the phosphatase (0 35).
(4) By November 9 tibial hEemorrhage was absorbed and there was definite lamination of the femoral hsemorrhages.
From these and other data which cannot be debated here, it seems fairly clear that the plasma phosphatase is intimately concerned with calcification and bone formation. If time had permitted we had hoped to show a chart of some fracture cases showing the rise of the phosphatase with the throwing out of callus and the fall coincident with absorption and complete healing.
The explanation of the high phosphatase in rickets and the low phosphatase in scurvy may lie in the characteristic bone lesions in these conditions. Whereas in rickets the distinctive character is the broad area of osteoid tissue formed at the epiphyseal junction, the increased vascularity of the cartilage and the broad band of the proliferated cartilage cells, in scurvy the most striking change is the great inhibition of osteoblastic bone growth, the diminished vascularity of the cartilaginous area, and although what does take place occurs in a normal and orderly manner the cartilage cells are greatly reduced in size and number.
Increased plasmca phosphatase.-cause or effect.-All the work which has been done on this subject leads one to believe that the high plasma phosphatase is produced in attempted compensation for the bone lesion-although there is a rough correlation between the severity of the disease estimated clinically and radiologically, and the level of the phosphatase. The fact that the phosphatase remains high, long after the serum calcium and the inorganic phosphorus have returned to normal, and even after the X-rays have revealed normal bone formation, suggests that the plasma phosphatase offers a more delicate test of an abnormal calcium-phosphorus metabolism than those previously mentioned. Whether these findings can be put to any practical purpose in diagnosis and prognosis remains to be seen, although even if they do not, it is an interesting physiological mechanism which has helped to elucidate one of the most difficult problems in pathology. It is also clear that in considering the pathology of bone diseases, a third factor must now be taken into account as well as the serum calcium and the inorganic phosphorus, and one which is liable to much wider variations from the normal than either of these two constituents of the blood.
In conclusion we should like to take this opportunity of thanking the staff of the Infants Hospital and of the Princess Louise Hospital and other friends who have so kindly put their cases at our disposal.
